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ABSTRACT 
Title o f  Thesis: Reactions of Tungsten C arbonyl Complexes 
Cont aining Diphenylvinylphosph i ne 
Name: George s. Leots akos 
Thesis directed by: Dr. Richard L .  Keiter 
N . new synthetic route for the production of the 
tungsten carbonyl complex (OC ) 5WPPh 2cH 2cH 2PPh 2 has been 
discovered. I t  has been found that l i thiumdiphenylphosphide 
rPnr.ts w ith diphenylvinylohosphinepentacarbony l tunqsten ( O )  
i n  tet rahydrofuran to produce .upon hydrolysis a good yield of 
the pentacarbonyl product : 
(OC ) 5WPPh 2CH = CH2 + LiPPh 2 
THF ) (OC )5 WPPh2CHLiCH2PPh2 
(OC ) 5�·1PPh 2CHLiCH 2PPh 2 + H20 ) (OC ) 5wPPh 2cH2cH2PPh? + LiOH 
No evidence for the formation of secondary products was noted 
nor was there evidence for preferential attack o� the carbonyl 
group by LiPPh 2 to form a carbene complex. 
Diphenylvinylphosphinepentacarbonyl tungsten ( O )  
(mp 62-n4 °C) , was prepared for the first time by two differ­
ent methods . 
I .  Displ acement of aniline from anil inepentacarbonyl­
tungs ten ( O )  complex with diphenylvinylphosph i ne .  
(OC )5WNH 2c6H5 + PPh 2CH = CH 2 ) 
( OC ) 5WPPh 2C H  =. CH2 + c6H5NH 2 
TT. Di �rl rl\Am�nt Of THF fr.om (OC) ,..W(rHF) complex with 
..J 
diphenylvinylphosphine. 
W ( CO )  6 + THF uv ) ( OC )  5w(l'HF) + CO 
(OC )5W�HF) + Ph 2PCH = CH2 > (C0 )5WPPh 2CH = CH 2 + THF 
Of the two methods the l atter produced better yields and 
e l iminated the need for the unstable a ni l ine complex i nter-
mediate necess ary i n  the former method. 
CHAPTER I 
INTRODUCTION 
Syntheses o f  transition met al complexes i n  which a 
potent i ally bide nt ate ligand serves as a monodentate are un­
common. I n  1970 Rigo and co-workers1 synthesized a five 
coordinate cobalt complex, Co (Ph 2PcH2cH 2PPh2 ) 2 (CN ) 2 , i n  which 
one of the diphosphines served as a monodentate l igand. The 
1 ig .J.r.d' v;as 
Keiter and Shah 2 from the reaction 
(OC)5w c6H5NH 2 + PPh2CH2cH2PPh2 ) 
(OC) 5WPPh 2CH 2cH 2PPh 2 + c6H5NH 2 
raported in 1972 by 
The reaction depends upon the thermodynamic instability 0 f  
3 the ani l i ne complex. A l arge excess of the diphos l igand 
was needed for the reaction, howeve r ,  in order to· obt ain the 
desired product . I f  equimo l ar amounts o f  ligand to aniline 
complex were employed for the reaction , a mixture o f  the 
dimet al lic compl.:x (OC)5�JPPh2cH 2CH;?Ph2\J( C0 )5 as well as the 
desired monodentate product was obtaine d ,  with the format ion 
of the first being favored. Attempts to directly synthe s i ze 
(OC) 5PPh?CH2CH?PPh? from W(C0 ) 6 and diphos photolyt ical ly or 
thermally were unsuccess �ul because of the formation ot 
disubstituted products of the type ( OC ) 4 (diphos ) W. 
1 
2 
More rece ntly complexe s  cont aining potential 
chelating l igands as mon?dcntates · have been synthesized 
by an al ternate me thod in which an anionic c arbonyl hal ide 
is a l l owed to react with the diphosphine .4 
The dis advantage of this synthe s i s  l ie s  with the instability 
5 of the h alogenometalpentac arbonyl complex. 
It has been the . pur pose o f  this research to f i nd a 
new synthetic route for the production of 
( OC ) 5WPPh2cH2cH2PPh2• The reaction s pec ific al l y  i nve s ti g ated 
involves the addition of an alkal i me tal phosphide to a 
tungsten c arbonyl complex containing diphenyl vi nylphosphine 
> 
) ( O C ) SWPPh 2fHCH 2PPh2 
Li 
S i nce (OC) 5WPPh 2CH = CH 2 had not bee n previou s l y  reported in 
the liter ature , the fir s t  task was to determine i f  the affin-
ity of the me tal for t he l one pair o f  phosphorus is greater 
than the affinity of the me tal for the double bond of the 
olefinic group. The only complexes o f  PPh2CH = CH2 
f)Leviou::;l y  reporl:ed a.ce tiio:::>e of Ay (I) .i.n which i t  is found 
that both the. phosphorus atom and the double bond · coordi nate 
6 to g ive 1:1 and 2:1 co�plexes .  
and 
3 
The coordination chemistry of a number of other l igands 
containing both phos phorus and ol�finic groups has been 
· 7 8 reported. ' Some examples o f  these complexes are shown 
below: 
Cu 
CH 
If 
I t  should be noted that i n  a l l  reported examples , phosphorus 
is coordinated to the metal wh ereas the double bond may or 
may not be ccordinated. Other phosphine l igands cont a i ni ng 
an uns aturated s ite h a ve been reported to coordinate to the 
central atom of Group VI metal carbony l s .  K. Issleib and 
9 coworkers reported that 3-butenyldiethylphosph i nepenta-
4 
carbonylchromiu m ( O )  can be prepared when Cr(C0 ) 6 is irradiated 
in the presence of 3-butenyldiethyl phosphine. 
Cr(C0 )6 + PPh2PcH2CH2CH = CH2 ) 
(OC)5 CrP P h2CH2cH2CH = CH2 + CO 
Only the phosphorus atom of the l igand i s  coordinated to the 
metal . 10 Taylor and coworkers have reported the syntheses of 
(OC) SW (cis - PPh2CH = CH?Ph 2 ) ,  (OC ) 5w (trans-PPh' 2CH = CHPPh 2) ,  
and (OC) 51;JPPh2c=: CPPh2 and i n  each complex only phosphorus is 
coordinated. 
The reaction of o l e f i ns and alkynes with l ithium 
diphenyl phosphide, LiPPh 2 , has been studied by several 
investigators. • • • 1 1  � • I I ) Angu�ar anu cuwuL��L� L�rs� r�p0r��� � 
method of conveniently synthesizing LiPPh2 from triphenyl­
phosphine , PPh3 + L i  
ether ) LiPh + LiPPh2 . 
The LiPh which is produced i n  the reaction i s  a stronger base 
than LiPPh2 and can be des troyed conveniently w i th t-butyl 
chloride . 
1 2 Another method of synt�esizing LiPPh2 has been reported 
in which l ithium metal is al lowed to react with P h2PC1.  
Ph2PC1 + Li 
THF ) LiPPh2 + LiCl 
I t  i s  essential that a stoichiometric amount of Li be used 
as an excess leads to cle avage of the THF solvent. 1
3 
H 20 --�) Ph 2P(CH 2 ) 4o
- Li+ ) 
5 
14 Anguiar and coworkers h ave found that LiPPh2 reacts 
with d iphenylacetylene to give high y ields of the pure vinyl 
phosphine. 
H 20 PhC := CPh + LiPPh2 -Li OH 
) 
Ph 
"'-.. 
c 
- / H 
Ph 
/ 
= c 
"" 
PPh2 ' .. 
Extensive work on the addi t ion of LiPPh2 to olefins 
has been reported by Issleib and coworkers . 15 It was found 
that LiPPh2 adds to the double bond of Ph2C = CH2• 
-Li OH 
Organo l i thium reagents have been shown to react with vinyl 
phosphine s .  Peterson a nd coworkers 1 6  first reported that the 
uns aturated l inkages of vinylphosphines are subject to 
Michael-type addition reactions of the type 
Ph2PCH = CH 2 + RLi ) Ph 2PfHCH2R 
H20 > Ph 2PcH2cH 2R 
and postu l ated the 
Ph 
-........- � �-pt(' PCH = CH2 + R 
Li 
mechanism 
It appeurcd that the phosphino group activated the alkcnc 
l inkage of the vinylphosphine tow ard nucleophilic addition. 
The ucti vw.tir1g cf [-:.:ct wa.s b.:::l ieved to be a result of the 
ability of trivalent phosphorus atom to stabilize the transi-
tion state for the addition reaction , by delocal i z ation of 
5 
the neqati ve charqe on the cl. -carbon atom into i t s  vacant 
ct-orbi t al s .  
Extension o f  the addition o f  LiPPh2
· t o  vinyl phosphines 
was reported by Keiter. 17 It was found that LiPPh2 reacts 
with d i phenyl vinyl phosphine t o  form upon hydrolysis good 
yields of 1 , 2 ,-bis ( diphenylphosphino ) ethane . 
> > 
-Li OH 
Other unsymmetrical bis tertiary phosphine l igands of the 
type Ph�PCH�CH�PPhR where R is methyl , ethyl , or isopropyl 
� � -
were synthesized by this method. 18 The coordinat ion chem-
istry of these ligands with Group VI metal carbonyls has also 
been reported i n  the literature. 19 
Thou9h i t  is well es tablished that LiPPh2 w i l l  add 
across t he double bond of diphenylvinylphosphine , it was not 
certain that it would do so when the phosphine is coordinated 
to a metal carbony l .  Several reactions are possible besides 
the addit ion to the double bon d .  I t  i s  known t hat 
organol ithium reagents attack metal carbonyls to form 
. 20 carbe ne type complexes. 
Cr(C0 ) 6 + LiR 
.........-OR 
(OC) 5crc "-.... R 
Li 
wllt::?.t.e f\, H' = Mei:!, Et, Ph. 
7 
21 Fischer and coworkers have reported that when LiPMe2 reacts 
with Cr(C0)6 and then is subsequently treated with 
[< c2H5) �OJ BF 4, a cis-(bisdimethylphosphinoethoxycarbene) 
tetracarbonylchromium(O) complex is formed instead of the 
expected dimethylphosphinoethoxycarbenepentacarbonyl-
chromium(O). 
Cr(C0)6 + LiPMe2 
The hypothetical structure of Crc14H22o6P2 is thought to be 
as follows 
It also seemed possible that if LiPPh2 added to 
(OC)5WPPh2CH = CH2 to form (OC)5WPPh2CHCH2PPh2 the reaction 
I 
Li 
might proceed to a cyclic carbene complex 
8 
Thus at the ou�set of the research, based upon reactions 
presented above, the following possibilities had to be 
considered. These are shown on the following diagram. 
o-
1 
/"C...._PPh2 
Li
+ (OC) 4W'-. 
fCH = CH2 
Ph2 
.(Oc)5WPPh2CH = CH2 + LiPPh2 >(0C)5WPPh2THTH2 
� Li 
Ph2 
--� 
o-
' c -. CH2 I I 
( OC) 4 W\ --CHPPh2 
r 
Ph2 
o-
1 
Li+ 
(OC)5WPPh2CHCH2PPh2 
' 
/C 
CH PPh 
/" ·(OC) W 
� / 
2 2 
4 " /
CH 
p Li
+ 
Li I 
Ph2 
\0 
CHAPTER II 
RESULTS AND DISCUSSION 
The details of all synt�eses. described in this 
section are found in the experimental section. 
In preparing (OC)5WPh2PCH = CH2 the first approach 
was to coordinate aniline to tungsten by displacing one 
carbonyl of W (C0)6 and then displacing aniline with 
Ph2PCH = CH2• 
THF ) UV 
benzene ) 
Coordination of aniline to W(C0)6 was found to occur 
readily, and column chromatography was employed in sepa-
rating the product from the starting materials. The 
product (OC)5WPh2PCH = CH2 exhibits the characteristic 
spectrum of a monosubstituted complex (OC)5WL of c4v sym­
metry. This spectrum strongly suggests that only the phos-
phorus atom is coordinated to the metal. Its ir spectrum 
(Figure 1 )  exhibits three bands in the carbonyl region of 
strong, weak, and very strong intensities, the fA, B1, and 
E vibrational modes respectively. The iA mode lies hidden 
within the E mode absorption. Comparison of these CO 
10 
1 1  
Figure 1 .  Expanded·infrared spectrum of 
(OC)5WPh2PCH = CH2 
12 
stretching frequencies to known frequencies of c4v complexes 
in which only phosphorus is coordinated to the tungsten are 
shown iri Table I .  
The proton NMR spectrum of the (OC)5WPPh2CH = CH2 
comple� excluding phenyl protons is a complicated one of the 
type A2Bx. The vinyl protons are shifted downfield near the 
phenyl protons, and are found to absorb in the·general region 
of 5-7 ppm (Figure 2). 
A more efficient synthetic approach than that de-
scribed above was found to be the direct coordination of 
Ph2PCH = CH2 to tungsten by displacing THF from (OC)5W(THF). 
UV ) 
UV ) (OC) 5w(THF) + Ph2PCH. = CH2 THF
) (OC 5WPh2PCH = CH2 + CO 
Better yields of (OC)5WPPh2CH = CH2 were obtained by this 
method. The product was recrystallized from methanol in 
which it has limited solubility, but since the melting point 
of the complex is low (64°C), recrystallization was somewhat 
inefficient and the obtained yields were low (57%). 
The double bond of the (OC)5WPh2PCH = CH2 complex which 
remained free and uncoordinated to the metal was found to 
be subject to a Michael-type addition reaction. LiPPh2, a 
strong Lewis base, was prepared by two different methods. 
I .  Reaction of Li with triphenylphosphine 
PPh3 + Li 
THF ) LiPPh ;> + PhLi 
13 
Table I 
INFRARED SPECTRA OF THE CAR30NYL 
REGION FOR MONOSUBSTITUTED CO�POUNDS• 
Compound Carbonyl Stretching Freguency (cm-1) 
Ph3PW(C0)5 207
5 s 1981 w 1942 vs 
Ph2BuPW(C0)5 2073 s 1978 w 1938 vs 
Ph Bu 2P\'J( CO) 5 2071 s 197
5 w 1937 VS 
Bu3P�·! (CO) 5 2070 s 1934 VS 
Ph2MePW(C0)5 2073 s 1979 w 1939 vs 
Ph2EtPW( CO) 5 2073 s 1979 w 1938 VS 
Ph i-PrPW(C0)5 2074 s 1979 w 1937 VS 
Ph2t-BuPW(C0)5 2072 s 1979 w 1937 vs 
CH2=CHPh2PW(C0)5 2073 s 1984 w 1940 vs 
s' strong; w, weak; vs, very strong 
•D. A. Wheatland, Ph.D. Dissertation, "Tertiary Phosphine 
Derivatives of the Group VI Metal Carbonyls, " University 
of Maryland (1967) 
,_.....-- .. � - - ­ ----
1'1 
N 
::r:: u 
II 
::r:: u n. N 
.c n. � l{) 
,-... 
u 0 
-
• 
N 
15 
A stochiometric amount of t-butyl chloride was added to 
destroy the PhLi. 
II. Reaction of Li with chlorodiphenylphosphine 
ClPPh2 + 2Li ) LiPPh2 + LiCl 
The second method was more efficient than the first since it 
involved only a single reaction, but care must be taken to 
avoid an excess of Li. Excess Li may react with. THF (See 
page 4 ) .  I n  both methods the deep-red color of the result-
ing solutions served as an indicator of the existence of 
. 
LiPPh2 in the solution. LiPPh2 adds readily across the 
double bond of (OC)5P?h2CH = CH2• The following reaction 
was found to have taken place and is believed to proceed by 
the mechanism presented. 
Ph 
'\ 
(OC)5W/
PCH = CH2 + LiPPh2 
Ph 
Ph 
' -
(OC)5�PCHCH2PPh2 
Ph 
Ph 
L.+ + 1 
) 
) 
Ph 
' + (OC)5W/
PCHCH2PPh2 + Li 
Ph 
(OC)SW:P-yHCH2�Ph2 HOH ) (OC)5WPPh2CH2cH2PPh2 + LiOH 
Ph Li 
The melting point, infrared spectrum (Figure 3) and proton 
NMR spectnrn(Figure 4 )  of the hydrolyzed product are in 
. 2 
agreement with those reported in the literature for 
16 
Figure 3 . Expanded Infrared Spectrum of 
/ 
I 
, 
/ 
--
17 
-
u 
0 
-
\ 
� --�- - -----�--=:-- -::�� -:�-� - -=-� - -c::"'"·:__:·.:..:_' __ :----T--.... 
18 
? 
banes, i A, 
·-1 H1, �, of a c4v symmet�y complex at 
2074 cm , 
-1 1988 cm , and 1940 cm_1
. 
respectively. The NMR spectrum 
excluding the phenyl protons is of the type XA2B2M and i s  
quite complicated in the methylene region. A n  unresolved 
peak is found at 1.6-2.7 ppm. 
No evidence of the formation of secondary products 
was obtained. The Li complex did not cyclize to form a 
cyclic carbene product 
This could be interpreted in terms of the strain that such a 
ring would have and the instability of the resulting complex. 
Also, there was no evidence of the formation of a carbene 
complex of the type 
The L iPPh2 preferentially attacked the double bond of the 
phosphine ligand over the carbonyls. 
The quaternized salt of (OC)5WPh2PCH2cH2PPh2 with 
CH3I was easily obtainable when excess of CH3I was employed. 
+ 
The product (OC) 5WPPh2cH2cH2PPh2CH3 I
- (mp 168°C) exhibited 
the characteristic infrared bands Of C4V symmetry the 
19 
2 -1 
1A, B1, and£ modes at 2076 cm 1980 
- 1  cm and 1938 -1 cm 
respectively (Figure 5) . The proton NMH spectrum (Figure bJ 
' 
showed a·doublet centered at 3 . 1  ppm. The coupling constant of 
phosphorous to the methyl protons was measured to be 1 3 . 6  Hz . 
During the melting point determination of the 
+ 
{OC) 5 WPPh 2CH 2cH 2PPh 2cH3 I
- salt, at temperatures near 1 60 °  C 
it was noted that the pale yellow crystals started changing 
to a green-yellow color accompanied by the evolution of gas. 
This was attributed to the removal of one o f  the carbonyls 
from the coordination sphere of the tungsten and the inserc-
tion of the iodine �on as indicated in the following reaction 
+ 
(OC )4WIPPh 2CH 2cH2PPh 2cH3 + CO 
160° > 
A search in the literature revealed that this interpretation 
2 2  was consistent with the recently reported syntheses of 
carbonyl halide zwitterionic complexes of the type 
+ 
cis-(OC) 4Xl'-'IPPh2CcH2 ) nPPh 2R in which M is tungsten and X is 
iodine. 
An attempt to add CH 3I to the (OC) 5PPh 2fHCH 2PPh2 
Li 
complex was made before hydrolyzing the complex. The methyl 
group of CH3I would be expected to replace lithium and form + 
the s�lt, (OC)�PPh27Hc�2PPh2CH3 T- when PXCPSS CH 3I is employAd. 
CH3 
(OC) 5PPh 2�HCH2PPh 2 �n;�s� 
Li 
20 
,,--J 
I 
, <\ '!> � 
Fiqure 5. Expanded_ Infrared S pectrum of 
+ 
(OC) 5ivPh2PcH2cH2PPh2CH3 I-
I 
I 
I 
I 
- - ____ ., ____ _ ____ ., __ _ _ - ·- --· --..-
21 
\ - --- -· ··-· · · � 
I 
H 
("') 
0 N 
.c 
a. + 0. 
N 
:r: 
u 
N 
:r: 
u 
a. 
N 
.c 
� 11) 
u 0 
-
22 
+ 
The first time the reaction was run (OC) 5 PPh 2CH 2cH 2PPh 2CH3 I 
was oncained as Li1t! u11.iy 1.1J..uuu1...L. 
hydrolyz·ed during the process. Apparently moisture in tFie 
apparatus was sufficient to hydrolyze the complex. The 
reaction was repeated and all equipment was dried with a heat 
gun under a stream of dry nitrogen. The reaction was not 
straightforward, and a mixtu�e of . products was.obtained. 
Thin layer and column chromatography were employed in sepa-
rating the reaction products and only one solid residue was 
obtained. The rest of the products remained as an oil and 
were not identified. An ir spectrum of the impure residue 
-1 -1 Pxhi.bi.ted three bands rit 2073 cm , 1980 cm , and 
1938 cm_1
.
characteristic of a monosubstituted W (C0)6 
product (Figure 7) . The NMR spectrum was complicated in 
the methylene region though one observes a doublet centered 
at 1.4 ppm (Figure 8 )  which could be interpreted as splitting 
of the methane protons attached to the methylene group 
(JH-CH = 6 . 0  Hz). All attempts to recrystallize this solid 3 
residue failed. 
The potential formation of a carbene complex from 
(OC) 51,vPPh2fHCH2 PPh2 was further investigated by heating the 
Li 
lithium complex in diglyme under carefully dried conditions. 
The precipitate of the reaction was a high melting point 
solid ( mp) 250 ° C ) .  The insolubility of this solid pre-
vented the application of the usual purification techniqu2s 
and the compound was therefore not analyzed. An inf rared 
23 
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Figure 7. Expanded Infrared Spectrum of 
+ 
(OC)5WPh2P�HCH2PPh2CH3 I
-
CH 3 
-
u 0 
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spectrum of the impure solid (Figure 9) did not indicate the 
form ation of a m o nosubstituted or.disubst ituted W ( C0 )6 alone . 
I t  appears that a polymer had formed and as the product is 
only partially soluble in CDC1 3 no NMR spectrum cou ld be 
obtained. 
Since it was evident that LiPPh2 preferentially 
attacks the double bond of ( OC)  5wPPh2CH = CH 2 , 'the activity 
of the vinyl bond towards addition r� actions was further 
i nvestigated. A 1% Br 2 in CC14 solution was added to 
(OC)5WPh 2PCH = CH2• A white precipitate immediately formed. 
As the addition proceeded the color of the precipitate 
oxidation of the metal to tungsten blue had t aken place . 
The possibility of a polymer formation was also investig ated• 
A search i n  the l i ter ature 23 revea led that Group VI metal 
carbonyls in the pr esence of cc14 m ay act as initiators for 
the free r adical polymerization of molecules containing an 
uns atur ated s ite. The reaction wa.s repeated and the very 
fir s t  precipitate was collected. A quantitative analysis of 
this product was indicative of polymer form ation. The 
infr ared spectrum (Figure 10) of this precipitate indicated 
a monosubstituted W(C0 ) 6, but the NMR spectrum showed that 
\ 
s t arting mater ial was not present ( Figure 1 1 ) .  
More pu z z l i ng resu lts were obtained when PhLi was 
all owed to react with (OC )5WPPh2CH = CH 2• Since PhLi is a 
s tronger ba se than LiPPh2 , one would expect that PhLi wou l d  
have been added even more r e adily across the double bond 
26 
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Figure 9. Expanded I nfrared Spectrum of the product resulted 
after refluxing (OC )  5\!Ph 2PfiiCH2PPh2 
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than LlPPh2• The same experimental procedure with the one 
used tor the Ll..t-'1:-' n 2 addition was employed, but 110 evidence 
' 
of a reaction was obtained and an NMR spectrum of the re-
sulting product indicated that only starting material was 
present (Figure 12). 
The same results were obtained when CH3Li was 
allowed to react with (OC)5WPPh2CH. = CH2• The .alkylating 
+ -agent Et3o BF4 was also employed for the reaction in order 
to remove the Li from the �-carbon of the expected product. 
) 
( OC) S \•.1PPh��i·WH /""4 j + Li RF' 4 + F.t. 20 
Et 
No reaction occurred and an NMR spectrum of the recovered 
material (Figure 13) indicated that only starting material 
was present. 
The unexpected results from the above reactions, 
however, are not unique. A search in the literature on 
Michael-type addition reactions to vinyl phosphines re-
vealed that similar results have been obtained; Kabachnik 
and co-workers have reported24 th�t di-n-butylvinylphosphine 
is inert to piperidine at 160°. However, the desired 
addition reaction was realized when run in the presence of 
an acid catalyst. 
\ 
_..........P-CH = CH2 + HX 
\+ 
) /f-CH = CH2X-
H 
As suggested by Kabachnik this finding would appear to be 
Figure 1 2 .  NMR Spectrum of the recovered material from the reaction 
(OC) 5vJPh 2 PCH = CH2 + PhLi 
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Figure 13. NMR S pectrum of the recovered material from the reaction 
( OC)5WPh 2PCH = CH2 +: CH3Li 
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consistent with the addition reaction being preceded b y  a 
conversion of the vinylphosphine to the more reactive 
vinylphos phonium s a l t .  Therefore , no final conclusion 
concer ning the inactivity of the vinyl bonci .o f  
(O C ) 5 WPPh2CH = CH 2 toward the addition of CH3L i  o r  PhLi 
may be· drawn from this s tudy until further investigat ion of 
the reaction conditions. 
CHAPTER III 
EXPERIMENTAL 
A. General Consider ations and Commen ts on the Prep arative 
Methods 
The handl i ng of tertiary and halophosphines used·in 
the preparations requires a great deal of care. The corn-
pounds are sensitive to oxidation by air , toxic to some 
degree , and there is also a somewhat unpleasant odor asso-
ciated with these compounds. For these r e asons a l l  r e ac-
tions i nvolving phosphines were performed under an atmosphere 
of n i trogen and in a well-ventilated hood. Direct exposure 
to the atmosphere was kept at a minimum. 
The solvents employed in the preparations , tetr ahy­
drofu r an ( THF)  and diethylenegl ycolmethylether ( diglyrne) 
h ave to be extreme l y  dry. Drying was accomplished by reflux-
ing the solvent in the presence of sodium metal and benzo-
phenone under an atmosphere of nitrogen. Sodium wil l react 
with benzophenone to form a deep blue ketyl;25 however , the 
ketyl will not form in the presence of water or oxygen. The 
blue color therefore serves as an indic�tor of dryness . Dry 
solvent was d i s t i l l ed from the deep blue solution just before 
use for the r e actions. 
Tungs ten hexacarbonyl an� diphenylvinyl pt1osphine 
were obtained from Pressure Chemical Company and 
33 
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chlorodiphenylphosphine , methyll ithium and phenyllithium 
were 0.:.Jt:d..inec.i i.z:o111 \ie11Lru11 Ci1t.:111.i.cC1J. Cu. 
Infrared spectra in the carbonyl region were recorded 
with a Perkin-Elmer 337 grading infrared spectrometer . Ex-
panded spectra were recorded with an E .  H .  Sargent recorder 
-1 JR , and are considered to be accur ate to ±cm • 
Proton NMR spectra were m e asured with a Varian T60 
�pectrometer . Saturated deuterochloroform solutions con� 
taining tetramethyl s i l ane as an internal reference were used 
for all lig ands and complexes . 
Melting points were taken with a n  Ar thur H. Thom as 
U nimel t app aratus, and are reported uncorrected. 
Microanalyses were per formed by Galbraith L abora-
. tories , Knoxvi l l e , Tennessee. 
B. Preparations of Co�olexes 
1 .  Preparation of 1 , 2-bisdiphenylphosphinoethane , ( C6H 5 ) 2 
PCH 2cH 2PCC6H 5 ) 2 
Diphenylvinyl phosphine 6 . 0  g ( 0 . 0 28 mol )  was dis-
solved in 50 ml of anhydrous tetr ahydrofuran (THF ) ,  and the 
solution was pl aced in a t hree neck flask equipped with a 
reflux co.ndenser , a pressure-equalizi ng addition funnel and a 
nitrogen flow stopper . The solution was cooled to + 2 ° C  by 
immersion of the fl ask i n  an ice bath , and 5 . 4  g ( 0 .0 28 mol ) 
of ], i thium diphcnylphcsp!iiC.c {LiPPh 2 ) in 7 5  ml o f  anhydrous 
tetrahydrofuran was added dropwis� over a 1�riod of h a l f  an 
hour . The solution was al lowed to warm to room temperature and 
35 
stirred vigorou s l y  u nder reflux for a per iod of two hour s .  
The f l ask was then cooled i n  an ice bath and a 11 ml s atu-
rated ammonium chloride solution was added and the color o f  
the solution changed from red t o  green. The solvent was re­
moved by means of the rotary evaporator and a thick gray o i l  
resu lted . Sufficient petroleum ether (30°-60 ° C )  was added 
to cry stallize the product. The product ( yield 40%) was 
recryst a l l ized from absolute ethanol ( mp 1 4 1 ° -142°C ) .  
2 .  Preparation of Lithium diphenyl phosphide , LiPCC6H 5>2 
A .  Triphenylphosphine method:  
Triphenylphos phine ( 10 . 0 g, 0 .038 mol ) was dis solved 
i n  100 ml of anhydrous tetr ahydrofuran ( THF) · which had 
previously been de-oxygenated by bubbling nitrogen 
through i t  for 10 min. The solution was pl aced in a 
250 ml three-neck f l ask equipped with a nitrogen flow 
stopper and a magnetic s tirrer. Strips of clean l ithium 
wire were added in exce s s , ( 1 . 0  g ,  0 . 14 mol ) and the 
solution was stirred at room temper ature u nder ni trogen 
for several hour s .  A dark red solution of l ithium 
diphenyl phosphide , LiPCC6H 5 ) 2 and phenylithium ( C6H 5L i )  
resulted. A solution of t-butylchloride (3 . 5  g ,  0 . 038 mol )  
i n  2 5  ml of tetr ahydrofur an was added to destroy the 
ph�ny l l i thium. The resu l t ing solution was fil tered 
through g l ass wool , under nitrog e n ,  directly into a 
reaction vessel for fu rther u s e .  
36 
B.  Chlorodiphenyl phosphine me thod: 
Chlorodiphenylphospt1ine �1.1 g ,  v.00�0 molj was uis­
solved in 50 ml of anhydrou s , de-oxygenated tetrahydro­
fu ran, and the solution was p l aced in a s imilar reaction 
apparatus as the preceding one. Strips of lithium wire 
were added i n  excess (0 . 5  g ,  0.07 mol ) and the solution 
was stirred at room temperature for a peri0d of 2 hrs . A 
dark red solution of l ithiumdiphenylphosphide , LiPCC6H5 ) 2, 
and ·a  fine precipitate o f  l ithium chloride , LiCl , resu l ted. 
The solution was fil tered through g l ass wool under ni tro­
gen directly into a reaction vessel for further use . 
3 .  Preparation of Anilinepentacarbonyl tu ng sten , c6H5NH 2wcco ) 5 
Tungstenhexacarbonyl ( 8 . 7  g ,  0 .0 24 mol ) and freshly 
redi s t i l led anil i ne (10.0 g ,  0.10 mol ) were dissolved in 300 ml 
of dry tetrahydrofuran (THF ) and placed i n  a l ight reaction 
vessel equipped with a magnetic stirrer and wrapped with 
aluminum foil to �eep exposure of the radiation to the en­
vironment at a minimum. The solution was irradiated wi'th a 
uv l ight for a period of seven hr. The resu l t i ng yel low solu­
tion was ev aporated to a thick oil by means of a rotary 
evapor ator , and water and dilute hydrochloric acid were added 
until the oil became a yellow solid. The mixture was then 
filtered and the col lected precipitate was dissolved in a 
mi nimum amount of benzene dn<l ;11 Lt: red agu.in , to remove most 
of the unreacted tung s ten hexacarbonyl . The filtrate was 
brought to dryness and an infrared spectrum of the resu l t i ng 
3 7 
sol id i ndicated the presence o f  c6H5NH 2W (C0 ) 5 a nd some 
W ( C0 ) 6• These tr.aces o f  W ( C0 ) 6 were removed by subl imation 
leaving pure product ( 6 .5 g ,  6 6 .0% ) .  
4 .  P reparation o f  diphenylvinylphosphinepentaca rbo nyl­
tungste n ( O ) ,  (C0 )5WP ( C6H5 ) 2CH = CH 2 
A. Anili nepentacarbonyl tungsten method 
I n  a 200 ml round bottom flask conta i ning 75 ml o f  
benzene 3 . 2  g (0 .00 76 mol ) 'of a n i l inepentacarbony l ­
tungsten was disso lved, and to the solution 1 .5 ml 
( 1 . 6 2  g, 0 .00 76 mo l )  o f  d iphenylviny l  phosphine was 
added by mea ns o f  a calibra ted syringe . The operation 
was performed in a nitrogen bag .  The solution was a l ­
lowed to stand for 2 4  hours at room temperature, and 
then i t  was filtered a nd taken to a thick o i l  with the 
rotary evaporato r .  The o i l  was dissolved in a m inimum 
amount o f  dichloromethane-methano l mixture, but fai led to 
produce crysta l s  upon refrigeratio n. The solution was 
then brought to dryness a nd the residue was eluted o n  a 
s i l ica gel column with a solution of petroleum ether­
ethyl acetate ( 4 :1 ) .  The diphenylvinylphosphine 
p entacarbonyl tungsten came o f f  f i rst, fol lowed by the 
starting carbor:iyl comp lex a nd aniliBe. A third component 
did not come o�f a nd rema ined unidentified. The derived 
p roduct was dissolved in a minimum amount o f  absolute 
methano l  a nd cooled to -5°C. Pale yellow crystals s lowly 
formed . These crystals were recrystall ized from methanol 
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to produce white crystals ( yield 1 . 6  g ,  40%) 
(mp 62-64 ° C). 
B. Direct Photolysis method: 
In a light reaction vessel containing 300 ml o f  dry 
tetr ahydrofuran (THF ) , 6 . 0  g (0.017 mol ) of freshly 
sublimed tungsten hexacarbonyl was dissolved and the 
resultant solution was photolyzed for a period of seven 
hr . The vessel was joined to a nitrogen s ource and a 
gas bubbler ( f il led with miner al oil )  by means of rubber 
tubing and a t hree-way stopcock. Thus carbon monoxide 
prorluc�d �urin0 the irradiation cou l d  escape from the 
ve ssel.  The l ight source was turned o f f  and 2 ml 
(1 .8 g, 0 . 0087 mol) of diphenylvinylphosphine was 
added to the solution by means of a calibrated syringe 
under a constant flow of nitrogen .  The mixture was 
agitated f or a period of half an hour , s toppered , and 
stored i n  the refriger ator at -5 ° C  for 24 hour s .  The 
cold solution was filtered to remove a small amou nt of 
unreacted W ( C0 ) 6 and the filtrate was evaporated to 
dryness on a rotary evaporator. The crude �roctuct was 
dissolved i n  a minimum amou nt of dichloromethane and 
again fi ltered to r emove a smal l quanti ty of W ( C0 ) 6• 
Additi6n of methanol to the cold solution precipitated 
a pale yellow sol i d .  An infrared spectrum of this 
solid indicated the presence o f  ( C0 ) 5wcc6H5l 2PCH = CH 2 
and some W ( C0 ) 6• This material was v acuum sublimed at 
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40°C/0 . 2 torr i n  order t o  remove the residual traces 
of W(C0}6• A total of 1 . 9  g was obtai ned. An additional 
' 
0.7 g of product was isolated from the fil trate upon 
addition of more cold methano l .  The overall yield based 
on the l igand was 47% (mp 62-64°C ) .  
5 .  Preparation o f  bis(diphenylphosph i no ) e th an�pentacarbonyl 
tungsten ( O ) , W ( CO ) s ( C6H5 ) 2PCH 2CH 2P(C6H5 ) 2 
I n  a 250 m l  three-neck f l ask containing 75 m l  of dry 
THF and equipped with a magnetic s t irre r ,  2 . 6  g ( 0 . 0050 m o l )  
o f  diphenylvinylphosph i nepentacarbony l tu ngsten(O ) was dis­
solved. To this solution 0 .95 g ( 0 .0050 mol ) of l i thium 
diphenylphosph i de , dissolved .i n  50 m l  of dry THF , was added 
in the following manner. The l i thium diphenylpho sph ide s olu-
tion was contained in a 200 m l  rou nd bottom flask equipped 
with a n i trogen flow inlet tube and joined to the 3-neck 
f l ask by means of an i nverted U-sh aped connecting tube filled 
with g l ass wool . A gl ass stoppe r ,  which functio�ed as a gas 
release valve , was fitted loosely int o  the third neck of the 
f l ask. Under a constant stream of nitrogen the apparatus was 
t i l ted in order to a l l ow the l i th�um diphenylphosphide solu­
tion t o  pour slowly· th rough the g l as s  wool into the 3-neck 
f l ask. The resul t i ng solution was left to stir for a period 
of 12 hours at room temperature and then hydrolyzed by the 
addition of 1 ml of H 20 .  The color of the solution changed 
from red to orange. The solution was then fil tered and the sol-
vent was removed by means of a rotary evaporator. The resu l t i ng 
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oil was dissol ved in an equal volume of dichloromethane-
methanol (1:1) solution and cooled to -5°C. Yellow crystals 
' 
slowl y formed. The precipitate was filtered and 1.5 g was 
coll ected. A work-up of the mother l iquid produced an addi-
tional 0 . 70 g .  These crystals were recrys t al l i zed from 
absolute methanol (yield 2 . 20 g ,  5 7%) (mp 116-117°C) . 
6 .  Preparation of l-Diphenyl phosphino- 2-methyldiphenylphos­
phoniumethanepentacarbonyl tungsten( 0) iodide , 
+ . -W ( C0)5Cc6H5) 2PCH2CH2P ( C6
H5) 2CH3 I 
This reaction was carried out essentially the s ame 
w ay as the preceding one. I n  a 250 ml three-neck flask con-
taining 75 ml of dry THF 2.5 g (0.0049 mol) o f  diphenyl vinyl­
phosphinepentacarbonyl tungsten w as dissolved. To the solu­
tion 0 . 95 g (0.0049 mol) of l ithium diphenylphosphide in 
50 ml of dry THF was added and the solution was stirred 
under nitrogen for a period Of 1 2  hr. To the solution 2 ml 
of methyl iodide was i ntroduced i n  excess by means of a cali-
brated syringe and the resu l t i ng mixtu re w as al lowed to s t i r  
for an additional 1 2  hr during which a fine precipitate 
forme d .  The solution was then f i l tered and the col lected 
precip itate was identified as l ithium iodide. The filtrate 
was evaporated to dryness with a rotary evaporator , and the 
residue was eluted on a silica gel column with a solution o f  
petroleum ether-ethyl acetate (4 : 1 ) .  A first component that 
came off was identified as starting material . A second 
component did not move and w as eluted with 100% acetone 
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solvent , collected a n d  brough t to dryness o n  a rotary evapo­
rator. The solid was then dissolved in a minimum amount of 
dichloromethane-methanol ( 1 : 1 )  solution and cooled to -5 °C. 
Yellow crystals slowly formed. These crystals were recrystal­
lized from methanol ( yield 1. 6 g ,  40%) ( mp 1 6 6 -1 6 8 °C ) . The 
product wa s identified with proton NMR. 
1. Preparation of l-methyldiphenylphosphino- 2-methyldiphenyl­
phosphoriumethane pentacarbonyl tungs ten(  0) iodide , 
( C0 )5 WP(C6H5 ) 2CHCH3CH2P
+ ( C6H5 ) 2CH3 I
-
Diphenylvinylphos phinepentacarbonyltungste n ( O )  
( 3 . 1  g ,  0.0073 mol) was dissolved i n  50 ml of dry THF and 
lithium diphenylphos phide ( 1 .4 g ,  0.0 0 7 3  mol ) was added 
to the s ol u t i on which was s tirred for 1 2  hours under nitro­
gen. All equipment used was previous l y  dried wi th a heat 
gun under a s t ream o f  dry nitrogen. To the solution excess 
methyl iodide ( 3  m l )  was added and the mixture was a l lowed to 
react for a period of 1 2  hours . The solvent was then removed 
by means of a rotary evaporator and the residue was di s s o lved 
in a minimum amount of dichloromethane a nd refrigerated. A 
fine precipitate formed which was filtered a nd identified a s  
lithium iodide. The solvent was removed from the fil trate 
and a drop of the resu l ting oil , dissolved i n  a mixture of 
dichlorometh�rrethanol solution ( 1 : 1 )  was placed on a thin 
layer plate wi th a capillary. The spot was eluted with 
petroleum ether-ethyl acetate solution ( 1 : 1) and the plate 
was developed in a n  iodine chamber. Two mobi l e  spots 
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developed and one non-mobile .  Separation of the two mobile 
components from the non-mobil e  component was achieved by 
extracting the crude oil wi th benzene . The non-mobi le com­
ponent did not di ssolve and was not identifi e d .  The benzene 
solution was brought to dryness on the rotary evaporator and 
the resul ting oil was eluted on a sil ica gel column with a 
solution of petroleum ether-ethyl acetate ( 1 : 1 ) .  Two sepa­
rate components were collected. The components were vacuum 
dried, one of which remained as an oil ,  and the other crystal­
lized to a solid residue. Several attempts to recrys t a l l i ze 
the products failed. An i r  spectrum of the impure solid com-
ponent i naicates a monosubs tilut�d p�1�Lacarb�nyltu�;�t=� cc�-
plex. An NMR spectrum identified the solid as the desired 
product (dee ) 14 6 ° C ) . 
C� Attempted Preparations 
1 .  1, 2-dibromo-l-diphenylphosphinoethanepentac arbonyl­
tungs ten ( O ) ,  (OC)5WPPh2CHBrCH2Br 
Diphenylvinylphosphinepentacarbonyl tungste n ( O )  
1 .3 g ( 0 . 00 25 mol ) was dissolved i n  50 m l  of carbon tetra­
chloride , and to the solution a 1% bromine i n  carbon tetra­
chloride solution was added dropwi se by means of a calibrated 
burette. After 1 ml o f  bromine solution was added a white 
precipitate fprmed. The precipi tate was fi l tered , and an 
additional 1 ml of Br2;cc14 solution was added , and a new 
light-green preci pitate formed. Four precipltates were col­
lected in this manner , the colors of which gradual l y  became 
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deep blue-green. An ir spectrum o f  the first precipitate 
indicated a nonosubstituted carbony l .  A quant itative 
anal ysis of the unidentified product g ave an empirical 
formula Of wxoyc43H4 3P 3Br2 ( Found: %C 4 9 . 4 2 ,  %H 4 . 1 3 ,  
%P 8 . 8 7 ,  %Br 1 5 . 1 8 ) .  
2.  l-Diphenylphosphino- 2-phenylethanepentacarb?nyl­
tungsten( 0 ) , ( O C ) 5WPPh2cH 2cH 2P h  
In a 200 ml round bottom flask p l aced i n  a nitrogen 
bag 1 . 6  g (0 .00 31 mol ) of diphenylvinyl phosphinepentocar­
bonyl tungsten·( o )  was di ssolved into 50 ml of benzene. To 
the solution 1 . 6  ml of 1 . 8  M solution of phenyll ithium i n  
70 : 30 mixture benzene-ether solvent was added by means of 
a calibrated s yringe . The solution was allowed to stir 
overnight at room temperature and then 2 ml of s aturated 
ammonium chloride solution was added dropwi s e .  The s o l vent 
was removed on the rotary evaporator and the residue was 
dried under high vacuum. A NMR spectrum of the resulting 
solid showed that only starti ng material was present. The 
s ame reaction was attempted by refluxing the reactants for 
a period o f  6 hr but no reaction occurred. Different sol-
vents were also tried , such as tetrahydrofuran anq pentane , 
but no significant changes were ·observed. 
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3 .  l-ethanediphenylphosphino-2-methylethanepentacarbonyl-
tungsten ( O ) ' ( OC )  5i,JPPh2CHC 2H s�H 2CH 3 
The triethyl oxoniumfluroborate was pr epared accord-
. t M . 26 ing o eerwin. 
4 ( C2H5 ) 20 BF3 + 2 ( C2H5 ) 20 + 3ClC�C1;/CH2 ) 
3 �C 2H5 ) 3o] BF4 + B ( OCfHCH 20c2H5 ) 3 
CH 2Cl. 
0 
Into a dry 3-neck flask protected from atmospher ic 
moisture was placed a solution o f  91 g (0. 64 mol ) of freshly 
redistil led boron trifluoride etherate in 300 ml of a nhydrous 
ether. Epichlorohydri n  44 g (0. 48 mol ) was added dropwise 
at such a rate that the stirred solution rema ined· i n  a state 
of constant gentle reflux. When the epichlorohydrin had 
been added the oil which initia l l y  for med began to sol idify. 
The mixture was s t irred at room temperature for 2 hours and 
the s o l vent was decanted. The triethyloxoniumfluoroborate 
was wa shed with a nhydrous ether ( 7 2 g ,  yield 7 2% ) . The bor ic 
acid es ter for med is retained in t
.
he mother l iquor. 
Diphenylvinylphosphinepentacarbonyltungste n ( O )  
(1.0 g ,  0.00 1 9  mol ) was dissolved i n  25 ml of dry THF , and 
methy l l ithium (1.0 ml of 1 . 8  M ether solution) was added to 
the solution: The mixture was stirred for 1 2  hours at room 
temperature . �nder nitroge n ,  and 1 .5 g of triethyl�xonium­
fluoroborate in 2� ml of dichloromethane WdS added. No re-
action occurred. The solution was stirred for an additional 
1 2  hours but no significant changes were noted. Starting 
mater ial was recovered. 
4 5  
4 .  Preparation o f  ( C0 ) 4W�P�HCH 2PPh2 Li
+ carbene complex 
r - ..... o 
Diphenylvinyl phosphinopentacarbonyltungsten ( O ) , 
3 . 3 g ( 0 .0060 mol ) , was dissolved i n  50 ml of dry diglyme 
and 1 . 5  g ( 0 .00 60 mol )  of l ithiumdiphenylphosphide solution 
was added. The mixture was refluxed under reduced pressure 
( 28 torr ) for a period of two hours during which a precip-
itate formed .  The precipitate was filtered under nitrogen 
and washed several times with petroleum ether to remove the 
diglyme. The residue was dissolved i n  a minimum amount of 
dichloromethane , but several attempts to recrystal l i ze the 
product by v�rious �cthcds fai l e d .  The mixtu re was then 
dried under vacuum and an ir and NMR spectrum of the result-
ing solid indicated that no s t ar t i ng material was present and 
that a polymer had formed. The product remained unidentified 
( mp ) 2 so 0 c ) . 
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